Datums
Vertical coordinate information is referenced to the North American Vertical Datum of 1988 (NAVD 88).
Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Altitude, as used in this report, refers to distance above the vertical datum.
Introduction
The Austin Group in central Bexar County, Tex. ( fig. 1 ), overlies the Eagle Ford Group and consists of chalky, variably marly, generally fossiliferous limestone, commonly containing the fossil oyster Gryphaea aucella (Small, 1986; Hanson and Small, 1995) . The Austin Group functions as an upper confining unit to the Edwards aquifer or as an aquifer where it is connected to the Edwards aquifer by faults, fractures, or caves; it is the thickest and most permeable of the Edwards aquifer confining units (Small, 1986; Clark, 2003) . The available geologic and hydrogeologic information on the Austin Group in Bexar County is sparse. As demand for water increases in the San Antonio area, all available water resources will need to be investigated and characterized. There is a need by waterresource managers to gain a better understanding of the waterbearing and chemical characteristics of the Austin Group in Bexar County, Tex.
Much of the available information regarding the waterbearing and chemical characteristics of the Austin Group is in well logs produced when the wells were initially drilled; some of the information has been published by various entities but never compiled into one geodatabase. Some of the information is stored by various agencies and is available upon request. A first step toward achieving a better understanding of the hydrologic properties of the Austin Group was to compile existing geologic and hydrogeologic data and to organize that information in a geodatabase.
The U.S. Geological Survey (USGS), in cooperation with the San Antonio Water System (SAWS), developed a geodatabase (also referred to as a geospatial database) of geologic and hydrogeologic information from wells penetrating the Austin Group. Existing geologic and hydrogeologic information pertaining to 523 unique wells in a 377-square-mile study area ( fig. 1 ) encompassing central Bexar County was compiled. The information, in geodatabase format (Zeiler, 1999) , includes the following data measured or recorded at each well (if known): year drilled, well depth, altitude of top and base of the Austin Group, thickness of the Austin Group, and source of the data. The geodatabase is limited to selected digital and hard-copy data available from various Federal, State, or local agencies including the U.S. Environmental Protection Agency (USEPA), Texas Water Development Board (TWDB), Edwards Aquifer Authority (EAA), and SAWS; and from published reports.
Purpose and Scope
The purpose of this report is to document the design and integration of geologic and hydrogeologic information for selected wells penetrating the Austin Group in a 377-square-mile study area in central Bexar County, Tex., into a geodatabase. The design and integration of geologic and hydrogeologic information into a series of relational tables in the geodatabase are described. Austin Group characteristics compiled at 523 unique wells are documented (if known), including year drilled, well depth, altitude of top and base of the Austin Group, and thickness of the Austin Group. The different sources used to populate the geodatabase are documented and the methodology used to incorporate the geologic information in the geodatabase is described. Existing digital and hard-copy data were entered into the geodatabase; no new data were collected.
Geologic and Hydrogeologic Setting
The Austin Group is part of a series of geologic formations overlying the Edwards aquifer (Small, 1986) ; informally the Austin Group is referred to as the Austin Chalk. It is the thickest unit of the upper confining units of the Edwards aquifer (table 1) . Arnow (1963) noted that the Austin Group is subject to structural controls associated with the Balcones fault zone. In addition to structural controls, the carbonate rock layers are subject to localized groundwater flow and associated limestone dissolution that might enhance the permeability of fault and fracture systems, including solution enlargement at a scale ranging from individual fractures to cave networks (Ferrill and others, 2004) .
Recharge entering the Austin Group in Bexar County is derived from multiple sources, including direct infiltration of precipitation, infiltration along stream channels, and water moving up into the Austin Group from the underlying Edwards aquifer (Arnow, 1963) . Because the connection between the land surface and the Austin Group is enhanced by karst features, infiltration is rapid and little opportunity exists for any attenuation of contaminants by geochemical or biological processes (Stephenson and others, 1999) .
Geodatabase Design
A geodatabase is a spatially enabled database that contains both spatial and tabular data and allows users to associate tabular data with physical and spatial components (Shah and Houston, 2007) . Geographically referenced data from a geodatabase can be manipulated using a geographic information system (GIS) to produce maps, interactive queries, and various types of spatial analyses. A geodatabase provides a framework and an interactive tool to aid in understanding attributes of geologic formations such as subsurface structure. The geodatabase designed for this study was based on an ESRI ArcGIS personal geodatabase platform. ArcGIS personal geodatabases were stored as Microsoft Access files (Zeiler, 1999) .
A geodatabase uses a thematic approach to create spatial layers of data, called feature classes, in a GIS. Feature classes represent the various types of point, line, and polygon data that are keyed to spatial location and are related to one another within the geodatabase. The various types of data are separated into relational tables in the geodatabase (table 2) on the basis of how these data interact and correspond with the spatial feature class. These relational tables represent a collection of features and the relations between them (Shah and Houston, 2007) . The goal is to provide accurate representations of the spatial extent and properties of the Austin Group using the geologic and hydrogeologic data that have been compiled. Compiling data, entering data into the geodatabase, ensuring data quality, and documenting the associated metadata were the primary steps in creating the geodatabase.
Data Integration
Subsurface geologic data were organized and incorporated into the geodatabase. Data were compiled primarily from drillers' and borehole geophysical logs from Federal, State, and local government agencies and from maps in published reports. Drillers' and geophysical logs were used to obtain lithology and altitude of the top and base of the Austin Group. Data gaps exist in parts of the study area; for example, at some sites drillers did not describe the lithology and thickness of the Austin Group as separate and distinct from the underlying unit where the two units showed similar lithologic characteristics, thus precluding identification of the base of the Austin Group at those wells.
Data Input
Digital data were imported and hard-copy data were entered manually into the geodatabase. Because the scope of geodatabase development was limited to geologic and hydrogeologic data, only the Well_Locations point feature class and wells and lithology tables containing geologic and hydrogeologic attributes were populated. Selected readily available spatial data from drillers' and geophysical logs were input into the Well_Locations point feature class. Related well and lithologic data were populated in corresponding tables. Additional features classes were included in the geodatabase as supporting geospatial data. Examples of such feature classes are GAT_faults, GAT_surface_geology, Counties, Study_Area, and Parks. A complete listing and description of the feature classes and tables that compose the geodatabase are in table 2. Drillers' logs of wells were recorded at the time of drilling. Wells were subsequently assigned a State well number ( fig. 2 ) using the TWDB GroundWater Data System (GWDS) (Nordstrom and Quincy, 1999) . Wells not in the GWDS were assigned two arbitrary characters to distinguish well locations from one another. The key well number, the first five digits, retains the location aspect of a State well number-that is, wells sited in increasingly smaller quadrangles.
Data Quality
Quality-assurance techniques were applied to ensure the quality of the data entered into the geodatabase. Queries were done on 755 well entries in the geodatabase to find missing records, duplicate records, incomplete well records, and values that were internally inconsistent for a given well (for example, altitude of the top or bottom of the Austin Group exceeding the reported well depth or erroneous recorded thickness for the Austin Group). When duplicate well records WELL C o u n ty p r e fi x 1 o q u a d r a n g le n u m b e r 7 -1 /2 ' q u a d r a n g le n u m b e r 2 -1 /2 ' q u a d r a n g le n u m b e r W e ll n u m b e r in 2 -1 /2 ' q u a d r a n g le 09 10 11 12 13  15  14   25 24  16  23  17  22  18  21  19  20   26 27  35  28  34  29  33  30  32  31   49 48 47 46  36  45  37  44  38  43  39  42  40  41   50 51 52  62  53  61  54  60  55  59  56  58  57   74 73  63  72  64  71  65  70  66  69  67  68   75  81  76  80  77  79  78   82  85  83 were identified, database queries and GIS proximity analyses were used to combine duplicate records into a single well record. Three duplicate well records with different altitudes for the top and bottom of the Austin Group, obtained from different published sources, were kept in the database because it was not possible to determine which of the two records for each of these wells contained the correct infor mation. Duplicate records were kept for wells . After verification that well records were correct, 112 other duplicate well records and 117 incomplete well records were removed, and 526 records representing 523 unique wells with geologic data were included in the final geodatabase. All wells penetrating the Austin Group that were compiled in the geodatabase and their respective locations are listed in appendix 1.
Metadata
Metadata that comply with Federal Geographic Data Committee (2009) standards were created for each spatial component. The metadata record documents the basic characteristics of the data or information resource in the study area. Metadata components include source document information such as title, abstract, and publication date; geographic elements such as geographic extent and projection information; and database elements such as attribute label definitions and attribute domain values. 
Characteristics of Geologic Information for Selected Wells Penetrating the Austin Group
Summaries of the geologic and descriptive well information input to the geodatabase are shown in figures 3-5. Each figure shows the distribution of wells penetrating the Austin Group relative to various geologic or spatial attributes, including surface geology ( fig. 3; table 3 ), range in thickness of the Austin Group in each well ( fig. 4) , and range in depth of wells, whether completed in the Austin Group or in a deeper formation ( fig. 5) . Appendix 1 lists all wells penetrating the Austin Group included in the geodatabase and geologic information regarding the Austin Group obtained during the installation of a given well or summarized in reports discussing selected wells. Figure 3 shows the surficial geology of wells throughout the study area. The highest percentage of wells plot where the surface geology is the Pecan Gap Chalk ( Distribution of wells categorized by the thickness of the Austin Group where the well was drilled is shown in figure 4. For wells with known depths in the geodatabase, thickness of the Austin Group ranges from 8 to 388 feet, and the average thickness is about 150 feet. The thickness of the Austin Group ranges from 80 to 160 feet for 357 wells and exceeds 300 feet for 10 wells.
Five wells in the study area are known to have been completed only in the Austin Group (indicated in figs. 3-5 by a red circle around the well symbol). All other wells are completed in the Edwards Limestone.
The distribution of wells by well depth, in feet below land-surface datum (LSD), for the study area is shown on figure 5 . Depths for the selected wells range from 120 to 1,652 feet below LSD. The depths of more than one-half the wells range from 301 to 900 feet below LSD. The average well depth is about 715 feet below LSD. Less than 3 percent of all wells have depths greater than 1,300 feet below LSD. 
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